Abstract. The origin of subluminous B stars is still an unsolved problem in stellar evolution. Single star as well as close binary evolution scenarios have been invoked but until now have met with little success. We have carried out a small survey of spectroscopic binary candidates (19 systems consisting of an sdB star and late type companion) with the Planetary Camera of the WFPC2 onboard Hubble Space Telescope to test these scenarios. Monte Carlo simulations indicate that by imaging the programme stars in the R-band about one third of the sample (6-7 stars) should be resolved at a limiting angular resolution of 0.
Introduction
Subluminous B (sdB) stars dominate the populations of faint blue stars of our own Galaxy and are found in both the disk (field sdBs) and globular clusters (Moehler et al. 1997) . Observations of elliptical galaxies with the Ultraviolet Imaging Telescope (Brown et al. 1997 ) and the Hubble Space Telescope (Brown et al. 2000) have shown that these stars are sufficiently common to be the dominant source for the "UV upturn phenomenon" observed in elliptical galaxies and galaxy bulges (see also Greggio & Renzini 1990 , 1999 . Their space distribution and kinematical properties indicate that the field stars belong to the intermediate to old disk population (de Boer et al. 1997; Altmann & de Boer 2000) .
However, important questions remain concerning their formation process and the appropriate evolutionary timescales. This is a major drawback for the calibration of the observed ultraviolet upturn in elliptical galaxies as an age indicator.
It is now generally accepted that the sdB stars can be identified with models for Extreme Horizontal Branch (EHB) stars burning He in their core, but with a very tiny (<2% by mass) inert hydrogen envelope (Heber 1986; Saffer et al. 1994 ). An EHB star bears great resemblance to a helium main-sequence star of half a solar mass and its further evolution should proceed similarly (i.e. directly to the white dwarf graveyard) as confirmed by evolutionary calculations (Dorman et al. 1993) .
How stars evolve to the EHB configuration is controversial. The problem is how the mass loss mechanism in the progenitor manages to remove all but a tiny fraction of the hydrogen envelope at precisely the same time as the He core has attained the minimum mass (≈ 0.5M ⊙ ) required for the He flash.
Both non-interacting (scenario i), and interacting (scenarios ii and iii) evolutionary scenarios have been proposed to explain the origin of the sdB stars (see Bailyn et al. 1992) . (i) Enhanced mass loss on the red giant branch (RGB) before or during the core helium flash may remove almost the entire hydrogen-rich envelope. This is usually modelled by increasing the η factor in the Reimers (1975) formula to estimate mass loss rates for RGB stars. It has been conjectured that the mass loss rates increase with increasing metallicity, implying that metal rich populations should produce more sdB stars than metal poor ones. Birthrate estimates for sdB stars indicate that only 2% (Heber 1986) or even less (0.25% to 1%, Saffer & Liebert 1995) of the RGB stars need to experience such enhanced mass loss. Evidence that this is possible comes from the existence of RR Lyrae stars of population I which must also have lost half of their mass during evolution. In both cases the physical reason for such strong mass loss is not yet understood.
(ii) Mengel et al. (1976) suggest that sdBs could be formed from binaries in which mass transfer starts on the red giant branch and results in a reduction of the hydrogen envelope prior to the helium core flash. Hence all sdBs star are predicted to be found in close binary systems. (iii) An alternative scenario was proposed by Iben (1990) , who pointed out that sdBs can be formed from mergers of helium white dwarf binary systems. Iben & Tutukov (1992) estimate that 80% of the sdBs could have been formed by mergers. Hence the frequency of sdBs still being in binaries should be at most 20%.
Several dozens of objects with composite spectra consisting of an sdB and a dwarf G-K star have been discovered (e.g. Ferguson et al. 1984; Theissen et al. 1993 Theissen et al. , 1995 Allard et al. 1994) which implies that the binary frequency of sdBs is 50% or more (Allard et al. 1994) . The observed large binary frequency rules out the merger scenario (iii) and we are left with scenarios (i) and (ii), i.e. either the sdB binaries are mostly wide systems that did not interact so that the sdB precursors have evolved independently from the companion (i), or they are close systems formed by interaction of the sdB precursor with the companion star (mass exchange, ii).
The high spatial resolution of the Planetary Camera (PC) on board the Hubble Space Telescope (HST) allows to perform a crucial test. As we will show in this paper, it should be possible to resolve a significant fraction of the known composite spectrum systems containing an sdB star if scenario (i) is correct, i.e. if the systems have a distribution of separations like normal main sequence binaries (Duquennoy & Mayor 1991) . The interacting scenario (ii), however, predicts that all sdB stars reside in short period (P≤100d) binaries and consequently none of the systems should be resolvable even with the PC. In order to measure their distribution of separations we have imaged 23 sdB binary candidates with the PC by taking advantage of the snap shot mode of HST observations.
Observations and Data Analysis

Target selection and optical spectroscopy
For the snapshot observations a target list of fifty of the brightest sdB star binary candidates was extracted from an updated version of the Kilkenny et al. (1988) catalogue, supplemented by two stars which we discovered in the course of follow-up spectroscopy of hot stars from the Hamburg-ESO survey (see Edelmann et al. 2001a) . 23 stars from this target list were actually observed with the Wide Field Planetary Camera 2 (WFPC2) onboard the HST during our snapshot project, i.e. they were scheduled for observation to fill small gaps in the HST schedule. All stars have published photometry (see Tables B.1  and B. 2), but only 16 have published optical spectroscopy. Therefore additional spectra were obtained at the Calar Alto and ESO observatories (see Appendix A for details and plots of the spectra in HE 0430−2457 , HE 2213 −2212 , and PG 2148+095 in addition to the Balmer and helium lines of the sdB. Hence these objects are spectroscopic binaries consisting of an sdB star and a cool companion. PG 0942+461 has already been observed by Mitchell (1998) , who, however, did not note the binary nature of the star. We do not find any evidence for a cool companion in the spectra of the sdB stars PG 1558−087 and KPD 2215+5037 (see Fig. A.2) . We also re-analysed a published spectrum of PG 2259+134 (Theissen et al., 1993) and do not find any spectroscopic evidence for a cool companion. PG 0105+276 turns out to be not an sdB star but a helium-rich sdO star and does not show any spectroscopic evidence for a cool companion. Therefore our sample consists of 19 composite spectrum objects plus four stars showing only photometric evidence for a companion. One of these four stars (PG 0105+276) also does not belong to the programme sample since it is an sdO star.
WFPC2 data
We observed the candidate binary systems with the PC chip of the WFPC2. If the cool companion is a main sequence star, both components should be of comparable brightness in the R band and we therefore used the F 675W filter of the WFPC2. We obtained four observations of each target, which were offset relative to the first one by (−11,−5.5), (−16.5,−16.5) , (−5.5,−11) pixels. We first rebinned the data linearly to a step size of 0.5 pixels and then aligned them according to the offset pattern mentioned above. We then determined the median value of the four aligned images to avoid cosmic ray hits and hot pixels and used these median-averaged images for visual inspection. All flux measurements are performed on manually cleaned average images to ensure proper flux conservation.
The median-averaged images were first inspected by eye to see if any companion could be detected. Only 6 stars (cf. Fig. 1 ) showed obvious nearby stars and the angular separations and brightness differences can be found in Table 2 . The brightness differences were determined using the command INTEGRATE/APERTURE from MIDAS, which performs an aperture photometry with a given radius. Aperture photometry is difficult for TON 1281, TON 139, and PG 1718+519, due to the small distance of the components. The sky background was determined in an empty region using the same aperture as for the stars.
To get a more quantitative estimate of possible companions we fitted two-dimensional Gaussians with variable angle of the major axis to all shifted and co-added target images and compared the results to fits obtained for archive point-spread functions (PSFs; F 675W filter, PC chip). The archive PSFs define a good correlation between the length of the two axes, which is shared by most target PSFs (see Fig. 2 ). Besides the resolved binaries (where stray light can affect the determination of the axis ratio) four stars deviate from the main correlation between major and minor axis (see Fig. 3 ): PG 2148+095 (2.03/1.26), We used DAOPHOT (Stetson 1987 ) to obtain an average PSF from those target stars that share the axis-relation of the archive PSFs. This "target PSF" was then used to deconvolve all systems that are either resolved by eye or show deviations from the axis-relation defined by the archive PSFs. No additional components were resolved in this process, but we could verify the brightness differences between the components of the resolved systems listed in Table 2 , which were reproduced by DAOPHOT also for small separations.
For 13 of our target stars a homogeneous set of groundbased R C measurements exist (Allard et al. 1994 , see Table B .2). Comparing those data to the instrumental F 675W magnitudes integrated within an aperture of 0.
′′ 5 radius F 675W = −2.5 log flux 0. ± 0 m . 02. From the WFPC2 data handbook we determine a zeropoint of 21 m . 9 (gain 14, including an aperture correction of −0 m . 1) that has to be corrected to Cousins R by adding −0 m . 65 (assuming a spectral type of A5 for the combined spectra of our binary stars), yielding a final zeropoint of 21 m . 25, in agreement with our empirically deter- Fig. 2 . The major and minor axes of the point spread functions for the target stars (circles, filled symbols mark brightest star of resolved binaries) and of archive pointspread functions (triangles, filled ones mark stars with positions on the PC chip close to our targets).
mined zeropoint. Since our empirically derived zeropoint automatically takes into account the unusual flux distribution of our binary stars we decided to use it to calculate R HST given in Table B .2. 
Spectral energy distribution
To obtain an upper limit to our resolution we tried to estimate the R brightness of the cool companion by fitting the available photometric data of those stars that have sufficient measurements. In order to disentangle the flux of the hot star from that of the cool star we analyse the composite spectral energy distribution. For this purpose ultraviolet, optical and infrared (spectro-) photometry is collected from literature and archives (IUE, 2MASS). To determine the contribution of the hot star we fit synthetic spectra (Kurucz, 1992) to the bluest part of the observed spectral range, i.e. IUE data plus u or u/U plus v/B (if no UV data were available) and determine the effective temperature of the sdB star. In doing so we assume that the companion does not contribute to the flux in this wavelength range (cf. Fig. 5 ). While this is probably true for the IUE data, some contamination may be present in the u/U -and v/B-band and consequently the temperature determination for the sdB star can be compromised. However, for some stars photometric data are so incomplete that no meaningful fit can be obtained. Aside from the F 675W measurements discussed here PG 0942+461 and HE 2213−2212 have only JHK photometry from 2MASS, which are insufficient for a fit. While HE 0430−2457 has BV R photometry it is still not possible to constrain the sdB star's temperature with these data as B − V is insensitive to T eff at sdB temperatures.
To convert the magnitudes into flux values we used the data given in Table 3 . By comparing the measured flux in the R band to the model flux of the sdB star we derive the flux ratio of the hot vs. the cool star in the system. For those systems which should have a rather bright companion according to their photometric data we verified the flux ratio in R between sdB and cool companion from two colour diagrams similar to those used by Ferguson et al. (1984) , which is best suited for components of comparable brightness (for details see Ferguson et al. 1984) . With this method we found that the companion of TON 1281 is bright enough to affect also the u filter, yielding a temperature of 25,000 K to 27,000 K for the sdB instead of the 22,000 K given in Table 4 and a brightness difference ∆R of 0 m . 2 to −0 m . 1. Also for PG 1601+345 we find a much smaller brightness difference (0 m . 1) and higher temperature (29,500 K) from this method than from our photometric fits. In this case the B filter is already affected by the cool companion. For reasons of consistency we keep the values from the photometric fits for these two stars in Table 4 . For all other stars with brightness differences ≤0 m . 8 the results from both methods were the same. To correct for interstellar reddening we used the reddening-to-infinity maps of Schlegel et al. (1998) which give somewhat higher values than the older data of Burstein & Heiles (1982) . KPD 2215+5037, PG 1558−007, and PG 2259+134 all lie in regions of quite high reddening according to Schlegel et al. (1998) and show no spectroscopic evidence for a cool companion (see Appendix A). The observed apparent infrared excess can be explained by high interstellar reddening alone, without invoking the presence of a cool companion. We also find no evidence for a companion from available photometry of PG 1656+213, although there is spectroscopic evidence (Ferguson et al, 1984) . However there are are no flux measurements redwards of V available and B and V fluxes are inconsistent. Therefore we keep PG 1656+213 as a programme star.
Aznar Cuadrado & Jeffery (2001) present an extensive discussion of sdB parameters derived from energy distributions, which also includes some of the stars discussed in this paper. In Table 5 we present the temperatures given in their paper and other values collected from literature in comparison to the ones derived here. As can be seen from Table 5 differences of ±10% in T eff between different authors are quite common.
The temperatures derived from the photometric data and from line profile fits for the stars in regions with high reddening agree moderately well (compare Tables 4 and A.1). The discrepancies may be due to small scale variations in reddening that affect the temperatures derived from photometry but not those derived from line profile fits.
From the photometric fit we can derive the apparent R magnitudes of the sdB and of the cool star and correct both for interstellar extinction. The uncertainty in T eff of about ±10% evident from Table 5 causes an estimated uncertainty in the derived brightness for both components of ±0 m . 2. Knowing the absolute R magnitude of the sdB stars then allows to determine their distance. We use the mean M V derived by Moehler et al. (1997) for hot subdwarfs in the globular cluster NGC 6752. They found two groups of hot subdwarfs, a cooler one with a mean effective temperature of 22,000 K and < M V > = 3 m . 2 (5 stars), and a hotter one with <T eff > = 29,000 K and < M V > = 4 m . 2 (12 stars). From Kurucz (1992) model atmospheres for [M/H] = 0 we find V − R = −0 m . 120 for T eff = 22,000 K and −0 m . 152 for 29,000 K. We therefore use M R = 3 m . 3 for stars cooler than 25,000 K and M R = 4 m . 4 for hotter stars. Using the archive point spread functions we estimated the minimum separation that we can resolve for a given brightness difference by adding two PSFs with a defined brightness difference and angular separation and examining the resulting image by eye. We find the following resolution limits: ∆α lim (∆R) = 0.
′′ 2 (2 m . 0), 0.
Using the distances determined above we can now derive upper limits for the linear separation of the unresolved binaries (cf Table 4 ), ranging from 50 AU to 210 AU. Table 2 shows that the brightness differences between the components in TON 1281 and HE 0430−2457 are too large to reproduce the spectral energy distribution of TON 1281 and the photometry of HE 0430−2457, respectively. The large brightness difference of 3 m . 1 (from the WFPC2 data) for PG 1558−007 agrees with the lack of photometric and spectroscopic evidence for a companion. In the remaining two cases (PG 1718+519, TON 139) the brightness differences in Table 2 are somewhat larger than those derived from the spectral energy distribution. To see whether we can in principle accommodate the HST observations by fits to the photometric data we repeated the Table 4 . Estimated temperature of sdB stars, resulting reddening-free brightness of subdwarf B star (R sdB,0 ) and companion (R comp,0 ), distance d, brightness difference ∆R, and upper limit for linear separation a lim derived from upper limit of angular separation ∆α lim . The reddening estimates are from the maps of Schlegel et al. (1998) and we used A R = 2.6·E B−V . The three different temperatures for PG 1511+624 result from the three available SWP spectra. If no evidence for a companion can be found from available photometry no entry is given in column 4. Allard et al. (1994, A94) , Theissen et al. (1993, T93; 1995, T95) , Ulla & Thejll (1998, UT98) . by  this paper ACJ01 T93  A94  T95  UT98  PB 6107  23000  25000  PG 0105+276  32000  35850  32000  PHL 1079  25000  26350  30000 30000  PG 0749+658  22000  25050  23500  TON 1281  22000  23275  29500  TON 139  20000  18000  PG 1449+653  28000  28150  28000  PG 1511+624  31000:  33000  PG 1636+104  20000  21000  TON 264  26000  28500  PG 1718+519  27000  29950  23500 25000 30000  PG 2148+095  26000  22950  26000  25000  KPD 2215+5037 35000  24500  PG 2259+134  30000  28300  28500  22500 fits, this time enforcing the brightness difference in the R band obtained from the HST data. The results are shown in Fig. 5 (in comparison to the original fits). Obviously the companion of PG 1718+519 is sufficiently bright to affect also the u filter, thereby rendering our assumption that this filter is unaffected by the cool companion obsolete. The fits for TON 139 do not show much difference. We conclude that the spectral energy distribution of TON 139 and PG 1718+519 are consistent with the R band flux ratio measured with the HST WFPC2 camera. 
The sdO star PG 0105+276
Since the He-sdO PG 0105+276 does not belong to the programme sample, we discuss it separately. It is the only programme star that is resolved into three components. However, the two companions are quite distant from the primary (3. ′′ 37 and 4. ′′ 48, respectively). The light of these companions can explain at least qualitatively the IR excess observed by ground based aperture photometry. The spectrum of PG 0105+276, however, does not show any signature of a cool companion, probably because due to the orientation and the small width of the slit no light of the distant companions was included. The diaphragm used in the photometry was large (18 ′′ ) and included the companions' light.
The brightness differences measured on the WFPC2 image (0 m . 9, 1 m . 6) for PG 0105+276 are smaller than the one derived from the photometric fit (1 m . 4), i.e. one companion is brighter than expected. However, as discussed in Appendix A, the true temperature (from line profile fitting) is much higher than the one obtained from the spectral energy distribution (63,000 K vs. 35,000 K) making the companion's luminosity obtained from photometry a lower limit only.
Simulation of separability in binary systems
In order to interpret our results with respect to the different evolutionary scenarios we simulate binary systems containing main sequence (MS) companions and sdBs with period distributions found for normal main sequence binaries (Duquennoy & Mayor 1991) . Assuming that the sdB mass is 0.5 M ⊙ and the MS companion mass is 1 M ⊙ we convert the period distribution published by Duquennoy & Mayor (1991) to physical separations using Kepler's Harmonic law. The orientation of the axis of the system is then chosen to be random in space and the projected separation, or a sin i, is calculated, given the distance to the system which is found from the apparent and absolute brightness of the system. The orbits are assumed to be circular.
Based on the spectroscopic distances derived above (see Table 4 ) we then simulate a huge number of such binary systems. For three stars (HE 0430−2457, PG 0942+461, and HE 2213−2212) the magnitude ratio of the components could not be determined and therefore the distances are unknown. We adopted the mean value of the other stars (∆R = 1 m . 1), which is consistent with their spectral appearance (see Fig. A.1) . The numerical simulation predicts a mean value of a sin i = 0.
′′ 04 and that, out of the 19 observed systems, we should resolve six systems at a resolution limit of 0.
′′ 1, one of which should show a separation greater than 1.
′′ 0. Since the orbital motion for an eccentric orbit is lower during phases of large separation, the time averaged distance is larger than the semi major axis. Thus eccentric orbits would increase the detectability. Duquennoy & Mayor (1991) also provide a distribution of ellipticities for normal stars. If the sdB systems did not experience phases of binary interaction, the distribution of eccentricity should correspond to that of normal stars. We used Duquennoy & Mayor's distribution corrected for selection effects. For each eccentricity the ratio of the time averaged distance to a was calculated and finally the mean over the Duquennoy & Mayor distribution computed. We find the average distance of the companions to increase by 17%. Another mechanism that tends to increase the separation of the components in a sdB binary is mass loss during postmain sequence evolution in order to reduce the mass of the sdB progenitor to its present value of half a solar mass. Assuming that the sdB evolved from a 1 M ⊙ main sequence progenitor it must have lost 0.5 M ⊙ due to a stellar wind during its post-main sequence evolution. Assuming that the wind emanates in a spherical symmetric manner and does not interact with the companion the increase in separation can be calculated according toȧ a = −Ṁ s Ms+Mc (Pringle 1985) , with a being the separation and M s and M c the masses of the sdB progenitor and that of the cool star, respectively. As a result the separation increases by 33%.
We repeated the Monte Carlo simulations for increased separations. Even when we consider both elliptical orbits and evolution of the orbits due to a stellar wind as described above the prediction increased only slightly 7 resolvable stars in our sample.
Hence we predict that 6 to 7 stars should be resolvable in our sample if the systems have separations consistent with the Duquennoy & Mayor (1991) distribution.
Chance projections and triple systems
In the vicinity of five programme stars we found an additional object within a radius of 3.
′′ 0 1 . We have demonstrated above that only in two cases (TON 139 and PG 1718+519) the relative brightnesses are consistent with the expectations from the deconvolution of the spectral energy distribution. The remaining three cases must then be chance projections or triple systems. Since the programme stars lie at high galactic latitudes (except KPD 2215+5037, see Table 1 ), we expect chance coincidences to be rare. Indeed, we do not find any additional object in the PC field (40 ′′ ×40 ′′ ) except for the low galactic latitude object KPD 2215+5037.
According to Abt & Levy (1976) 16% of multiple systems of normal stars are triples. If the fraction of triple systems is the same for our sample, we expect three programme stars to be triple. Most of these, if not all, should be resolvable. Besides TON 139 and PG 1718+519 we find in three cases companions to the sdB stars which are too faint to match the spectral energy distribution. These could be triple systems consisting of an unresolved sdB binary and a distant third star.
Radial velocities
Important additional information can be obtained from radial velocity measurements. A systematic search for radial velocity variations of our programme stars is needed. Such projects have already been started by Saffer et al. (2001) and Maxted et al. (2001) who observed six of our programme stars (PB 6107, PHL 1079 , PG 0749+658, TON 1281 . None of them showed significant radial velocity changes. Saffer et al. (2001) find in their survey of 21 composite spectrum sdB stars that the velocity variations of the individual components as well as the velocity difference between the two components are very small (less than a few km s −1 ) or undetectable, and conclude that the binaries have likely periods of many months to several years. Green et al. (2001) estimate from these measurements that the current periods average 3 -4 years with separations 540 -650 R ⊙ .
We have obtained multiple precise radial velocities for TON 139 and a single measurement of PG 1718+519 using the MMT Blue Channel spectrograph at 1Å resolution from 4000-4930Å (see table 6 ). The radial velocities of the cool companions were determined by cross correlation against super-templates of main sequence spectral types from F6 to K5. The sdB velocities were derived using a preliminary attempt at subtracting out the cool star companion spectrum. For details of the data reduction and analysis see Saffer, Green & Bowers (2001) . Improved sdB velocities using better cool star template spectra for the subtractions will be determined by Green, Bowers & Saffer (2002, in prep.) .
For TON 139 the cool star's velocity is constant, whereas the sdB velocity is changing by more than 50 km s −1 . This can be explained if an additional companion is orbiting the sdB star. This companion has to be so faint that it does not contribute to the light in the R band. Hence we have to conclude that the resolved system TON 139 is a triple system. A radial velocity study of PG 1718+519, the second resolved system in our sam- ple, is not available yet. The single measurement listed in Table 6 gives identical radial velocities for the sdB and the cool companion. This argues against a third faint component orbiting the sdB star in a narrow orbit as was found for TON 139. Additional radial velocity measurements are urgently needed to clarify the nature of PG 1718+519.
Assuming that PG 1718+519 is not triple, this would be the only resolved binary system in our sample of 19 objects.
Conclusions
In total we have resolved six systems out of a sample of 23 stars. Of those 23 stars, however, four do not really belong to the intended sample of sdB stars showing evidence for a cool companion: PG 1558−007, KPD 2215+5037, and PG 2259+134 show no photometric or spectroscopic evidence for a companion. The observed infrared excess can be explained by interstellar reddening rather than by a cool companion. PG 1558−007 does have a resolved near by star (linear separation 1500 AU), which, however, is too faint to contribute detectably to the combined light in the R band. PG 0105+276 is a helium-rich sdO star (with two possible distant companions at 3700 AU and 4900 AU).
Of the remaining four resolved systems the nearby stars are in two case (TON 1281, HE 0430−2457) too faint to reproduce the photometric and/or spectroscopic observations of the stars.
Only in the two systems TON 139 and PG 1718+519 (separations 0.
′′ 32 and 0. ′′ 24, respectively) do the magnitudes of the resolved components match the expectations. These two stars could be physical binaries whereas in the other cases the nearby star may be a third component or a chance projection. Radial velocity measurements indicate, however, that the resolved system TON 139 is also triple.
Hence, the observed sdB binary sample was reduced to 19 objects with two bona-fide resolved systems, which have apparent separations of 0.
′′ 24 and 0. ′′ 32. From the numerical simulations we would expect to resolve six to seven systems if sdB stars have the same binary characteristics as normal stars, out of which one system is expected to have a sin i >1
′′ and two should have separations between 0.
′′ 1 and 0. ′′ 2. The discrepancy becomes even more pronounced if one recalls that our photometric fit procedure tends to underestimate the brightness of the companion (and thus to overestimate the limiting angular separation that can still be resolved). In addition we expect three triple systems to be present in our sample. Most of these, if not all, should be resolvable. Such systems could explain some of the more distant companions as well as the radial velocity measurements of TON 139.
This success rate (1 resolved binary out of 19 candidates) is clearly below the prediction of numerical simulations assuming single star evolution (about 30%), using the distribution of binary separations given by Duquennoy & Mayor (1991) . This indicates that the distribution of separations of sdB binaries strongly deviates from that of normal stars.
If, on the other hand, all sdB stars were produced by close binary evolution, none of the binary systems should have been resolved (even at the high spatial resolution of the WFPC2 camera). Our low success rate is thus closer to that predicted by the close binary evolutionary scenario. Recent radial velocity surveys Maxted et al. 2001) revealed that a large fraction of single-lined sdB stars are indeed close binaries with periods below 10 days. Our results could be explained if most of the programme stars were close binaries. Therefore, our study provides further evidence that close binary evolution indeed is fundamental to the evolution of sdB stars. A survey for radial velocity variations in all of our programme stars will be tale telling.
The observational setups and observing dates for the new spectra are given in Table A .1. The reduction of the spectra of PG 0105+276, HE 0430−2457, PG 0942+461, HE 2213−2212, and KPD 2215+5037 are described by Edelmann et al. (2001b) . PG 2148+095 was observed and reduced as described by de Boer et al. (1995) , the reduction of PG 1309−078 and PG 1558−007 was performed in the same way as described in Moehler et al. (1997) . Fig. A.2 shows the spectra of the stars that show no spectroscopic or photometric evidence for a cool companion (PG 1558−087, KPD 2215+5037, and PG 0105+276). The Ca ii absorption lines in the spectra of these stars (see Fig. A. 2) are probably of interstellar nature. Our spectrum clearly shows that PG 0105+276 is a helium rich sdO star (see Fig. A .2) inconsistent with the photometric classification as sdB+K7 by Allard et al. (1994, where all three stars seen in Fig. 1 were included in the measurements) but in accordance with the early spectroscopic classification by Green et al. (1986) .
We derived the atmospheric parameters T eff , log g and helium abundance simultaneously for the single stars by matching a grid of synthetic spectra derived from H and He line blanketed NLTE model atmospheres (Napiwotzki 1997) to the data. For temperatures below 27,000 K we used the metal line blanketed LTE model atmospheres of Heber et al. (2000) . The synthetic spectra were convolved beforehand with a Gaussian profile of the appropriate FWHM to account for the instrumental profile. Results are given in Table A .1 and Fig. A.3 displays the fit for KPD 2215+5037 as an example. Fig. A.1 . Comparison of normalized spectra of four programme stars to PG 1309−078, which is already known to be a spectroscopic binary containing an sdB. The spectral features indicative of a cool companion are marked. Appendix B: Photometric data for our programme stars
In Tables B.1 and B.2 we compile the photometric data collected from literature and used in the photometric deconvolution. Table B .1. Strömgren photometry and UV spectrophotometry for our programme stars. Strömgren photometry is taken from Green (1980, G80) , Kilkenny (1984, K84; 1987, K87) , Moehler et al. (1990, M90) , Theissen et al. (1993, T93) , Wesemael et al. (1992, W92) . The IUE data were obtained from the IUE final archive (http://archive.stsci.edu/iue/). (Allard et al. 1994) , U BV I (Ferguson et al. 1984) , HST R (this paper) and infrared broadband photometry (UT98: Ulla & Thejll 1998, 2MASS: 2MASS 2 nd incremental data release, http://irsa.ipac.caltech.edu/applications/2MASS/BasicSearch/) for our programme stars
